Abstract. Activity patterns of Marbled Murrelets (Brachyrumphus marmoratus) in oldgrowth forest were compared at two sites in the Queen Charlotte Islands, British Columbia. Number of detections peaked in late July at both sites. More activity was recorded on cloudy mornings than on clear mornings and the duration of activity was greater on cloudy days than on clear days. Number of detections, number of calls and duration of the activity period per survey were highly variable and were correlated on a coarse scale (seasonally) but not always on a fine scale (weekly). Activity levels at the two stations were correlated over the entire season but not on a monthly or weekly basis. Detections were always more numerous in the morning than in the evening. Most detections were auditory only, but birds were seen in 20 and 26% ofdetections at the two sites. Approximately half ofvisual detections were of silent birds. Most birds sighted were either singles or in pairs and the majority of single birds were silent and tended to fly at lower altitudes than grouped birds. Knowledge of the behavior of Marbled Murrelets at inland locations is essential for the design of survey methodology and interpretation of survey results.
INTRODUCTION

Concern for Marbled Murrelets (Bruchyrumphus
METHODS
Intensive inventory methods were used at the two fixed stations . Morning surveys were conducted in 1990 between 7 May and 23 August at Phantom Creek (n = 49) and between 22 May and 28 July at Lagins Creek (n = 33). Surveys were done in sets of four to six consecutive days repeated at one to two week intervals, except for the week of 2 1 August when only two surveys were performed (Table 1) . Concurrent morning surveys were conducted at the two stations during the weeks of 22 May, 29 May, 12 June, 11 July and 24 July (n = 24). Observations were initially conducted from 45 min before to 75 min after sunrise, but times were changed to 75 min before to 45 min after sunrise on 15 May when it became apparent that Marbled Murrelets were active earlier in the Queen Charlotte Islands than further south, probably due to longer twilight periods. If murrelets were still active at the end of the standard survey period, observations were continued until there was a 15 min interval since the last detection. Evening surveys followed by morning surveys were conducted on 26 nights (19 at Lagins Creek and 7 at Phantom Creek) between 22 May and 27 July from 45 min before to 75 min after sunset. We used sunrise and sunset times for Sandspit, provided by Atmospheric Environment Service, Environment Canada. All times are Pacific Standard Time.
We distinguished primary "keer" calls from other calls and attempted to count all keer calls heard for each detection. When activity was intense, making counting difficult, numbers of keer calls > 10 were recorded as "multiple." To analyze total keer calls, we replaced "multiple" with the mean number of calls > 10 that were actually counted. The duration of the activity period was defined as the time between the first and the last detection recorded during a survey.
We retained the same observers as long as pos- 
RESULTS
INTER-OBSERVER RELIABILITY
Numbers of detections recorded on the same day at the same site by paired observers were closely correlated (r = 0.97, P = 0.002, n = 6) as were estimates of the duration of activity (Y = 0.96, P = 0.003). Numbers of keer calls estimated by different observers showed more variation, but were still highly correlated (1. = 0.88, P = 0.021). Differences between observers were inconsistent and we concluded that there was no bias through time due to change of observers. There were significant differences between observers in the proportion of visual detections recorded. One observer stationed at Lagins Creek from 22 May to 20 June recorded very few visual detections and was found to see a consistently lower proportion of birds than the observer replacing her (x2, = 20.96, P < O.OOOi). This did not affect the total number of detections she recorded which were similar or higher than those counted by her replacement, but did compromise the analysis of visual detections at Lagins Creek in May and June (see below). The bias in proportion of visual detections recorded was confined to the one observer as other observers recorded proportions similar to the person that replaced her (x2, = 0.53, P = 0.465).
EFFECTS OF WEATHER AND DATE ON ACTIVITY LEVELS
Cloudy weather tended to be more frequent at the Phantom Creek station (62% of survey days) than at Lagins Creek (55% of survey days), but overall weather patterns at the two stations were significantly correlated (Y = 0.70, P < 0.001). The highest proportion of cloudy days occurred in May at Phantom Creek and in June at Lagins Creek. Clear days were more frequent in July at both stations (Table 1) 1 and 2, Fig. 1) .
Activity started later and lasted longer in cloudy weather (Fig. 3) 
CORRELATIONS BETWEEN MEASURES OF ACTIVITY
Over the season, and at both stations, number of detections per survey were highly correlated with number of keer calls per survey (Table 3) . Correlation between number of detections and duration of activity and between numbers of calls and duration of activity were weaker, especially at Lagins Creek, though still significant at both stations (Table 3) . At Phantom Creek, correlations between these variables were also significant within each month (P < 0.05 for all pairwise comparisons). At Lagins Creek, correlations between detections and calls were significant within each month (P < O.OOS), and correlations between detections and duration and calls and duration were significant only in June (P < 0.05). On a weekly basis, correlations between detections and calls were significant in three of nine weeks at Phantom Creek and in four of seven weeks at Lagins Creek. Significant correlations were found between numbers of detections and duration in six of nine weeks at Phantom Creek and in zero of seven weeks at Lagins Creek, and between number of calls and duration in three of nine weeks at Phantom Creek and in zero of seven weeks at Lagins Creek.
CORRELATIONS IN ACTIVITY LEVELS BETWEEN STATIONS
The number of detections recorded on concurrent surveys at Phantom Creek and Lagins Creek were significantly correlated over the entire season (Table 3 ). The number of calls and the duration of activity were also correlated between the two stations over the entire season (Table 3) . On a monthly basis, and at smaller time scales, there was a lack of correlation between the two stations for all measures of activity ( in evening activity at Lagins Creek paralleled the increase observed in morning activity (Fig. 4) The majority of single birds sighted were silent in all months at both stations (Fig. 6) . Proportions of silent birds were more variable for groups of two, with silent birds dominating only in June. The ratio of silent to calling flocks was greater for small flocks than large flocks at both Phantom Creek (xz4 = 135.8, P < 0.0001) and Lagins Creek (x24 = 37.9, P < 0.0001). All sighted flocks larger than two were calling, except for one detection of three silent birds at Lagins Creek. Group size. Group size of sighted Marbled Height ofjlight. Most visual detections were Murrelet flocks ranged from one to seven birds. above tree-top at Phantom Creek (75.1% above Single birds were most frequent in May and June, vs. 24.9% below tree-top, n = 461) and Lagins and groups of two were most prevalent in July Creek (89.2% above vs. 10.8% below tree-top, n at both stations (Fig. 5) 
DISCUSSION
SEASONAL PATTERNS
The seasonal pattern of increased activity in July has been observed in other studies. Nelson (1989) in Oregon, noted highest numbers of detections between 12 July and 9 August with a peak in late July. She also noted that activity levels dropped off abruptly in early August and that most sites were devoid of murrelets in mid to late August. 
CORRELATIONS BETWEEN MEASURES OF ACTIVITY
The strong correlation on a seasonal and monthly basis between numbers of detections and total numbers of keer calls recorded per survey suggests that they provide similar measures of Marbled Murrelet activity at those time scales. Thus, just counting total calls during a survey period may be an alternative to counting numbers of detections if a comparable measure of activity is all that is desired. Observers must be trained to discriminate detections, and counting or recording calls may be simpler and less subjective. Counts of calls plus careful records of visual detections would provide detailed measures of activity patterns. The duration of the activity period was correlated with numbers of detections on a seasonal basis but not always on a monthly basis and is probably not as useful as detections or calls as a measure of activity.
CORRELATION IN ACTIVITY LEVELS BETWEEN STATIONS
Although there was a significant correlation in murrelet activity between our two permanent stations over the entire season, there was a lack of correlation at smaller temporal scales (monthly or weekly). Local weather patterns sometimes differed and may have contributed to differences in activity levels, but we cannot pinpoint at this time the factors besides weather that may have accounted for the different patterns observed in the two areas.
DAILY VARIABILITY
The wide variation in activity levels on a daily and weekly basis recorded in this study has been noted before (Nelson 1989 , Manley et al. 1992 ). The causes of this variation are still unknown but may include weather factors, vocalization behavior and flight patterns ofbreeding and nonbreeding birds, and the effects these have on observations. Because of this large variability in detection levels from day to day, caution must be taken when comparing different areas, especially when surveyed on different days or under different conditions. Large samples are required to obtain statistical power when making comparisons between sites or attempting to interpret trends in activity levels at particular sites. The results of this study indicate that caution must be used when comparing numbers of detections at different sites, taking into consideration the high levels of daily and seasonal variability, effects of weather, the amount of visibility at specific survey stations, and changes in group size and behavior over the breeding season. Setting priorities for habitat protection based on relative activity levels is problematical because we as yet have no gauge with which to relate measures of activity to breeding population. Behavioral studies in the vicinity of known breeding sites and known nesting densities are required to determine the significance of behaviors observed during surveys and the relationship between activity levels and habitat use.
MORNING VS. EVENING SURVEYS
